An increasing number of premature ventricular stimuli are being used during programmed stimulation of the heart in the investigation of patients with documented or suspected ventricular arrhythmias. To analyze the significance of the different types of ventricular arrhythmias that are initiated, we evaluated in a prospective study the effect of from one to four ventricular premature stimuli in 52 patients without (non-VT group) and 50 patients with (prior-VT group) documented ventricular tachycardia or ventricular fibrillation. More than half of the patients in the prior-VT group had coronary heart disease. In the majority of patients of the non-VT group the heart was normal. In 44 of the 50 patients in the prior-VT group the clinically documented ventricular arrhythmia was initiated by programmed ventricular stimulation of the heart. In 88% of these 44 patients, one or two ventricular premature beats were required to initiate the clinical arrhythmia. A ventricular arrhythmia could be initiated in 31 of the 52 patients in the non-VT group. The ventricular arrhythmias included nonsustained monomorphic ventricular tachycardia (two patients), six to 25 complexes of sustained polymorphic ventricular tachycardia (24 patients), and ventricular fibrillation (five patients). In 70% of patients in the non-VT group three or four ventricular premature beats were required to initiate the ventricular arrhythmia. Our results indicate that not only the number of extrastimuli required to initiate ventricular arrhythmias but also the type of ventricular arrhythmia initiated differed between the two groups of patients. Nonsustained polymorphic ventricular tachycardia and ventricular fibrillation are nonspecific responses to aggressive stimulation protocols. Circulation 69, No.
lation sites used in these studies. 16. 20 In view of the latter development, the significance of ventricular arrhythmias induced by "aggressive" stimulation protocols should be known. To answer this question we prospectively studied the outcome of programmed electrical stimulation of the heart in patients with documented ventricular tachycardia or ventricular fibrillation and in patients without documentation of ventricular arrhythmias.
Materials and methods
A total of 102 consecutive patients were studied. Fifty-two patients had no history or electrocardiographic documentation of ventricular arrhythmias (non-VT group). In all patients of this group at least two continuous 24 hr electrocardiograms (ECGs) and a symptom-limited exercise test (Bruce protocol) were qnalyzed. No patient had more than one ventricular premature beat per minute (class IB of the Lown classification) or higher degrees of ectopy on monitoring or exercise test. Clinical data are given in table 1 . Patients were considered "normal" when no In patients in the prior-VT group the stimulation protocol was as follows: (1) single right apical ventricular premature beats No. of patients given with increasing prematurity during sinus rhythm, (2) two right apical ventricular premature beats during sinus rhythm increasing the prematurity of the second test pulse while keeping the first extrastimulus at 10 msec later than the refractory 5 period of the ventricle, (3) one and then two premature stimuli during pacing of the right ventricular apex at basic pacing rates 4 of 100, 120, and 140 beats/min and with the stimulation se-5 quence described in (1) and (2), and (4) three and then four right 21 ventricular apical premature beats during sinus rhythm and ven-8 tricular pacing at 100 beats/min. The end point of the stimulation protocol was the initiation of the clinically documented 6 ventricular arrhythmia. All stimuli were given at twice diastolic threshold with a duration of 2 msec. 1 Our methods of registration have been described previously. 21 Leads I, II, III, V , and V6 were simultaneously recorded 1 with recordings from the high right atrium, the coronary sinus, 1 the His bundle region, and the right ventricular apex. condetectable anatomic or electrical abnormality of the heart was found on clinical history, physical examination, analysis of ECG, and results of Holter monitoring, exercise testing, and echocardiographic examination. Biochemical and hematologic values were normal in all patients. In patients being studied because of nonspecific chest pain, coronary angiography was performed and yielded normal results in all cases. In all patients of this group with ventricular fibrillation initiated during programmed stimulation, right and left ventriculography and coronary angiography were performed.
The reasons for study of the 21 normal patients included firstdegree AV nodal block at night in three patients, a single episode of atrial flutter in relation to heavy alcohol intake in two patients (not inducible during programmed electrical stimulation of the heart), asymptomatic sinus bradycardia in one patient, one episode of dizziness 2 years before study in one patient, and nonspecific chest pain in six patients. The remaining eight patients underwent evaluation because of insurance or professional license problems in relation to nonspecific findings or complaints varying from a single ventricular extrasystole on the ECG to suspicion of an abnormal heart in trained athletes.
In 50 patients (prior-VT group) there was electrocardiographic documentation of ventricular tachycardia (46 patients) or ventricular fibrillation (four patients). Table 2 gives clinical data on these patients. All drugs were withheld at least 72 hr before the investigation and no patient had received long-acting drugs such as amiodarone before study.
All patients underwent programmed electrical stimulation of the heart after giving informed consent to participate in the study. In patients of the non-VT group the stimulation protocol consisted of (1) single right apical ventricular premature beats given with increasing prematurity during sinus rhythm, (2) two right apical ventricular premature beats, with the first one given 10 msec later than the effective refractory period of the ventricle and the second one with increasing prematurity until refractoriness was reached, (3) a single and then a second premature beat during pacing at the right ventricular apex at a rate of 100/min and with the stimulation sequence as outlined in (1) and (2) , and (4) three and then four right apical ventricular premature beats during sinus rhythm and ventricular pacing at a rate of 1 00/min. End points of the protocol were the initiation of a sequence of at least six ventricular complexes at a rate above 1 30/min or attain-
Results
Non-VT group (table 3) Monomorphic ventricular tach-vcardia. Monomorphic nonsustained ventricular tachycardia was initiated in two patients without structural heart disease. The episode lasted 6 beats in one patient and 16 beats in the other. One and four ventricular premature beats, respectively, were required for the initiation of the arrhythmia during ventricular pacing.
Polymorphic ventricular tachvcardia. Polymorphic ventricular tachycardia lasting six to 25 complexes was Sust. MVT = sustained monomorphic ventricular tachycardia; Sust. PVT = sustained polymorphic ventricular tachycardia; VF = ventricular fibrillation.
AThree weeks to 6 years before first episode of documented ventricular arrhythmia. initiated in 24 patients. Sixteen patients had no structural heart disease, six had coronary artery disease with an old myocardial infarction, one had hypertrophic cardiomyopathy, and one had congestive cardiomyopathy. In two patients two ventricular premature beats were required, and in nine and seven patients three and four ventricular premature beats were required, respectively. When the number of premature ventricular beats needed to initiate polymorphic ventricular tachycardia during sinus rhythm and ventricular pacing were compared, a mean of 3.4 ventricular premature beats were required during sinus rhythm and one to four (mean 2.3) ventricular premature beats during basic ventricular pacing. The longest episode of polymorphic ventricular tachycardia initiated is illustrated in figure 1 .
Ventricularfibrillation. In five patients (three without structural heart disease and two with hypertrophic cardiomyopathy) ventricular fibrillation was initiated during pacing.
In the three patients with normal hearts, four premature beats were needed to initiate ventricular fibrillation during sinus rhythm and two and three were re-hypertrophic cardiomyopathy; CCM = congestive cardiomyquired during ventricular pacing. In the two patients with hypertrophic cardiomyopathy, three premature beats were required to initiate ventricular fibrillation during sinus rhythm. All five patients were successfully defibrillated.
Prior-VT group (table 4)
Monomorphic ventricular tachycardia. Sustained monomorphic ventricular tachycardia was initiated in 34 patients. Apart from the clinically documented sustained ventricular tachycardia, 26 other types could be initiated in these 34 patients.
Sustained polymorphic ventricular tachvcardia. The clinically documented arrhythmia could be initiated in six patients. Ventricular fibrillation. In four patients with clinically documented ventricular fibrillation this arrhythmia was initiated. Two premature beats were required in two patients and three were required in two other patients. Figure 2 illustrates the number of ventricular premature beats required to initiate the ventricular arrhythmias. Note that in 88% of patients with a clinically documented sustained ventricular arrhythmia (prior-VT group), one or two ventricular premature beats were required as compared with 70% of patients of the non-VT group who needed three or four ventricular premature beats to have a nonclinical ventricular arrhythmia. In nine of 52 (18%) patients of the non-VT group, however, a nonsustained and clinically undocumented ventricular arrhythmia could be initiated by one or two ventricular premature beats; this was also true in one patient with ventricular fibrillation.
Follow-up Non-VT group. During a follow-up period ranging from 4 to 21 months (mean 14) no clinical ventricular arrhythmia or death occurred in any of the patients. Six patients are on antiarrhythmic therapy. Four receive amiodarone to control circus movement tachycardia (retrograde accessory A-V pathway), and two use a ,3blocking agent to control paroxysms of intranodal reentrant tachycardia. Two patients with coronary artery disease are receiving digitalis.
Discussion
Our results indicate that nonsustained polymorphic ventricular tachycardia, such as the one shown in figure 1, and ventricular fibrillation may be nonspecific responses to aggressive ventricular stimulation protocols. This should be realized in evaluating results of programmed stimulation in patients referred because of dizziness or syncope. Recent articles have focused on the use of programmed stimulation in patients with unexplained syncope. 17.`One should be very careful, however, to consider the initiation of a nonsustained polymorphic ventricular tachycardia by an aggressive 90 stimulation protocol as the explanation of syncope and the basis for antiarrhythmic treatment.
In all 24 patients of the non-VT group in whom an episode of nonsustained polymorphic ventricular tachycardia was initiated, the arrhythmia lasted less than 10 sec. This may indicate that the initiation of a nonsustained episode of a longer lasting polymorphic ventricular tachycardia could be of diagnostic significance. We believe the initiatioin of a sustained mono- The length of the column indicates the percentage of patients in whom ventricular arrhythmia was initiated by a certain number of premature ventricular stimuli. The number inside the bar indicates the absolute number of patients in whom a ventricular arrhythmia was induced. Note that 88% of '-induced' patients in the prior-VT group had their arrhythmia initiated by one or two ventricular premature beats. A clinically undocumented arrhythmia was initiated in 70c of induced patients in the non-VT group only when three or four extrastimuli were given. CIRCULATION morphic ventricular tachycardia, even by aggressive stimulation protocols, should be considered of diagnostic value. In five patients of the non-VT group, ventricular fibrillation was initiated. Two patients had hypertrophic cardiomyopathy. Although the high incidence of ventricular arrhythmias in patients with cardiomyopathy is recognized,22 the two patients were placed in the non-VT group because of the absence of arrhythmic complaints and no documentation of arrhythmias on repeated 24 hr ECG recordings and exercise testing. All five patients with ventricular fibrillation had no ventricular arrhythmias during the follow-up period. One is being treated with amiodarone because of a circus movement tachycardia in the presence of Wolff-Parkinson-White syndrome. It is of interest that the ventricular arrhythmias initiated in the non-VT group required more ventricular premature stimuli during sinus rhythm (mean 3.4) as compared with the number required during basic ventricular pacing (mean 2.5).
Sustained monomorphic ventricular tachycardia was initiated only in patients with clinical documentation of the arrhythmia. A ventricular arrhythmia similar to the one clinically documented could be initiated in 44 of the 50 patients in the prior-VT group. The arrhythmia could not be initiated in only five patients with idiopathic ventricular tachycardia (four in whom the condition was exercise related) and in one patient with long QT syndrome. As shown in figure 2, adding a third ventricular premature beat increases the ability to initiate the clinically occurring arrhythmia by 12%. A small percentage of patients with clinically documented sustained ventricular tachycardia required a third ventricular premature beat to initiate the arrhythmia, which is in agreement with the experience of other investigators. 23 Left ventricular stimulation was not performed in our patients. We therefore cannot exclude the possibility that in some patients of the prior-VT group, fewer ventricular premature beats would have been needed to initiate ventricular tachycardia if pacing from the left ventricle had been chosen.
In addition, we do not know whether the ventricular arrhythmias initiated in the non-VT group could also have been initiated during left premature pacing with fewer premature beats.
Several studies are relevant to our results. In relation to our finding of initiation of ventricular fibrillation in the normal heart, it has been recently shown by Wet- Vandepol et al. 26 studied sensitivity and specificity of programmed ventricular stimulation. Using up to two extrastimuli during right ventricular pacing, these authors initiated ventricular tachycardia in 88% of patients with documented or suspected ventricular arrhythmias, a result identical to ours with up to two ventricular extrastimuli. Among their patients without ventricular arrhythmias, only 57 out of 443 patients were given two extrastimuli, and in three of the 57 patients a nonclinical, nonsustained ventricular arrhythmia was initiated. Our inducibility rate in patients without ventricular arrhythmias was 19% when two extrastimuli were used. However, the same group of authors27 has recently reported their experience on inducibility of ventricular arrhythmias in 40 patients without documented or suspected ventricular arrhythmias. With up to three extrastimuli the inducibility rate in their group of patients was 42%; the arrhythmia induced was nonsustained polymorphic ventricular tachycardia in 15 of 17 patients. This result is compatible to our inducibility rate with three extrastimuli in the non-VT group (22/52, 41%) .
We conclude that during right ventricular pacing, not only the number of extrastimuli required to initiate ventricular arrhythmias but also the type of arrhythmia initiated differ between patients with and those without history and clinical documentation of ventricular arrhythmia.
